Members of the Bcl-2 family of antiapoptotic proteins (Bcl-2, Bcl-XL and Mcl-1) are key regulators of apoptosis. The purpose of the present study was to examine and better define the role of Bcl-2, Bcl-XL and Mcl-1 in the progression of melanoma. Immunohistochemical staining for Bcl-2, Bcl-XL and Mcl-1 was performed on paraffin sections of 100 cases of benign nevi, primary melanoma and metastatic melanoma. Expression was correlated with histopathologic features, clinical progress and expression of transcription factors (AP-2, MITF and p-Stat3). Bcl-2 was expressed in 100% of benign nevi and thin melanoma (r1.0 mm) but was less in thick melanoma (41.0 mm) (88%), subcutaneous (62%) and lymph node metastases (35%). In contrast, Bcl-XL and Mcl-1 were expressed at lower levels in nevi and thin melanoma compared to Bcl-2 but their expression was much higher in thick melanoma and in subcutaneous and lymph node metastases (Po0.0001). Bcl-2 expression was negatively associated with tumor thickness (Po0.05) but Bcl-XL expression increased with increasing tumor thickness (Po0.05) and dermal tumor mitotic rate (Po0.05). Similarly Mcl-1 expression increased with increasing tumor thickness (Po0.09) and dermal tumor mitotic rate (Po0.17). Bcl-2 expression was positively correlated with expression of the transcription factors microphthalmia transcription factor (MITF) and nuclear AP-2 whereas Bcl-XL (and Mcl-1) expression were positively correlated with p-Stat3. This study is the first to show a clear dissociation between changes in Bcl-2 expression (downregulation) and Bcl-XL, Mcl-1 expression (upregulation) during progression of melanoma. The results were also consistent with a role for AP-2 and MITF in regulation of Bcl-2 and pStat3 in regulation of Bcl-XL. These findings have important implications for the development of treatments targeting antiapoptotic proteins in patients with melanoma. Modern Pathology (2007) 20, 416-426.
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It is now widely believed that the development of resistance to apoptosis is a crucial step in tumorigenesis and chemotherapeutic drugs resistance. Members of the Bcl-2 (B-cell lymphoma 2) family of proteins are key regulators of apoptosis. 1 They include Bcl homology domain 3 (BH3) only sensor proteins (such as Bid, Bim, Bad, Noxa and PUMA) and antiapoptotic prosurvival proteins such as Bcl-2, Bcl-2-like 1 (Bcl-XL) and Myeloid leukemia-1 (Mcl-1) proteins. Bcl-2 associated X protein (Bax) and Bak are additional proapoptotic proteins that appear to be essential for induction of apoptosis. 2, 3 The precise interactions between the Bcl-2 proteins leading to apoptosis remain uncertain but two BH3 proteins, Bid and Bim, appear to directly activate Bax and Bak and bind to mitochondria. 4 The antiapoptotic proteins are believed to bind the proapoptotic BH3 proteins and so prevent their interaction with Bax and Bak and subsequent changes in mitochondria. Recent studies have also suggested that there may be some selectivity of the proapoptotic BH3 only proteins for particular antiapoptotic proteins for example Noxa appears to bind to Mcl-1 and Bcl-XL but not Bcl-2. 5, 6 Bcl-2 was originally identified as a proto-oncogene in follicular B-cell lymphoma. In the lymphoma cells the Bcl-2 gene was found to be activated via a translocation between chromosome 18 and chromosome 14, where the gene comes controlled by the immunoglobulin heavy chain promoter. 7 Mcl-1 was first reported in differentiating myeloid cells. 8 As then Mcl-1 has been shown to be expressed in multiple cell lineages, and high levels of Mcl-1 were detected in epithelia such as in prostate, breast, colon and lung. 9 Bcl-XL is the protein product of the Bcl-X gene. The protein product of the longer Bcl-X mRNA (Bcl-XL) becomes as a repressor of apoptosis, 10, 11 whereas the shorter form (Bcl-XS) can enhance apoptosis. Bcl-XL is widespread in many solid tumors and is associated with enhanced cell survival and drug resistance. [12] [13] [14] [15] [16] [17] [18] The role of these proteins in the progression of melanoma is uncertain. [19] [20] [21] [22] [23] Bcl-2 expression in melanocytes has been reported to protect melanocyte stem cells from apoptosis, as shown by loss of pigmentation in Bcl-2 knockout mice and graying of hair in mice. 24, 25 There are conflicting reports on the expression of the Bcl-2 family of proteins and other antiapoptotic prosurvival proteins in melanoma. Ramsay et al 26 reported immunohistochemical detection of Bcl-2 in 100% of melanocytes and benign nevi, but found less expression in primary and metastatic melanoma. Similar results were reported by Saenz-Santamaria et al, 27 Collins et al 28 and Cerroni et al. 29 The role of the other antiapoptotic proteins, Bcl-XL and Mcl-1 in melanoma is largely unknown. In 1998, Tang et al 20 reported that Bcl-2 was downregulated in melanoma but Bcl-XL and Mcl-1 were upregulated. Leiter 19 reported increased detection of Bcl-2 and Bcl-XL in advanced melanoma. Others have reported an association between Bcl-XL and resistance to chemotherapy, and have identified it as a target for antisense therapy. 21, 22 Regulation of the antiapoptotic proteins by transcription factors is poorly understood but microphthalmia transcription factor (MITF), activating protein 2a (AP-2a) and phosphorylated signal transducer and activator of transcription 3 (pStat3) have been implicated in their control. In the present study, we sought to better characterize the association of the antiapoptotic proteins with progression of melanoma and to examine changes in transcription factors that may be involved in their regulation. 
Materials and methods

Patients
Immunohistochemistry
Five micrometer-thick sections were cut from the formalin-fixed, paraffin-embedded block of each case. Sections were deparaffinized in xylene and rehydrated through graded decreasing concentrations of alcohol. Antigen retrieval was carried out as reported previously 30 in EDTA buffer pH 8.6 by heating in a microwave oven for 5 min and repeating this three times or in EDTA buffer pH 9.0 by heating in pressure-cooker for 4 min at 1251C (0.01 mol/l of citrate buffer pH 6.0 microwave antigen retrieval was used in place of the EDTA buffer in studies on Mcl-1). Anti-human Bcl-2 mouse antibody (monoclonal IgG, DAKO, Carpinteria, CA, USA, Cat M0887, clone 124) was added at a dilution of 1:50 in Tris buffer for 1 h. Rabbit anti-mouse immunoblubin (DAKO, Carpinteria, CA, USA) was used to detect the primary antibodies and was visualized using 'ENVISION'-PLUS-HRP (Rabbit, DAKO, Carpinteria, CA, USA, Cat K4003) and DAB kit (DAKO, Carpinteria, CA, USA). Mouse anti-human Bcl-XL (H-5) antibody (monoclonal IgG 1 , Santa Cruz, San Diego, CA, USA, Cat SC-8392) was added at 1:400 dilution in Tris buffer and rabbit anti-human Mcl-1 antibody (polyclonal IgG, DAKO, Carpinteria, CA, USA, Lot 057) at a dilution of 1:30 in Tris buffer was incubated on the sections at room temperature for 1 h. Mouse anti-human MITF antibody (monoclonal IgG, DAKO, Carpinteria, CA, USA, Cat M3621, clone D5) at a dilution of 1:200 in Tris buffer, mouse antiBcl-2 family protein in melanoma L Zhuang et al human pStat3 (B-7) antibody (monoclonal IgG 2b , Santa Cruz, San Diego, CA, USA, Cat SC-8059) at dilution of 1:50 in Tris buffer and rabbit anti-human AP-2a (C-18) (polyclonal IgG, Santa Cruz, San Diego, CA, USA, Cat SC-184) at 1:300 dilution in Tris buffer were incubated on the sections at room temperature for 1 h. The Vectastain ABC kit (Vector Laboratories, Burlingame, CA, USA) was used to bind the antibodies according to the manufacturer's instructions and the binding sites were visualized using the DAB kit (DAKO, Carpinteria, CA, USA, Cat K3466). The sections were counterstained with Harris hematoxylin. Negative controls were performed by omission of the primary antibody and use of normal mouse IgG 1 (DAKO, Carpinteria, CA, USA) in each experiment. Lymph node, normal breast tissue, prostate carcinoma and benign nevi were used as positive controls as appropriate. 31, 32 The slides were examined by two investigators. The percentage of positive cells was estimated from 0 to 100%. Intensity of staining (intensity score) was judged on an arbitrary scale of 0 to 4 þ : no staining (0), weakly positive staining (1 þ ), moderately positive staining (2 þ ), strongly positive staining (3 þ ) and very strongly positive staining (4 þ ). An immunoreactive score (IRS) was derived by multiplying the percentage of positive cells with staining intensity divided by 10. The distribution pattern of staining was classified into focal or diffuse types. Localization of staining (nuclear, membranous or cytoplasmic) was also recorded.
Statistical Analysis
Statistical analysis was carried out using Microsoft Excel 2000 software and 'JMP Statistics Made Visualt' software (SAS Institute Inc., Trunbull, CT, USA). The one-way ANOVA two-tailed t-test was used to assess differences in expression of Bcl-2, Bcl-XL and Mcl-1 between different groups of melanocytic tumors. Multiple comparisons for all pairs were performed using the Tukey-Kramer HSD method and Student's t-test was also used for all pairs. The comparisons of the Bcl-2, Bcl-XL and Mcl-1 expression in histopathologic subtypes of primary melanoma excluding acral lentiginous melanoma and the lentigo maligna melanoma were performed using the one-way ANOVA two-tailed t-test and the Tukey-Kramer HSD method. The correlations between Bcl-2, Bcl-XL and Mcl-1 expression in primary melanoma and Breslow thickness and dermal mitotic rate were assessed using regression analysis. Correlations between Bcl-2, Bcl-XL, Mcl-1 expression and MITF, AP-2a, pStat3 expression in melanocytic lesions were also examined by regression analysis.
Disease free survival (DFS) and overall survival (OS) were calculated using Kaplan-Meier univariate estimates. Differences in DFS and OS between patients with melanoma according to tumor thickness (r1 mm thickness and 41 mm thickness) and Bcl-2, Bcl-XL and Mcl-1 expression (above and below the median percentage value or above and below the median IRS score) were compared using log-rank and w 2 statistical methods, respectively. The univariate analysis was followed by multivariate analysis according to the Cox Proportional Hazards Model using SPSS software. A Po0.05 was considered statistically significant.
Results
Melanocytic Lesions Studied
The melanocytic lesions studied and the corresponding patient demographics are summarized in Table 1 . The age of the patients ranged from 16 to 93 years with a median of 66 years. Thirty-eight patients were female patients and 62 were male patients. The age of patients with primary melanoma ranged from 23 to 84 years with a median age of 69 years. Fourteen of the latter group of patients were female patients (33%) and 28 were male patients (67%). The Breslow thickness of the primary melanoma ranged from 0.1 to 16 mm. Eighteen were r1 mm in thickness and 24 were 41 mm. The majority of the melanoma was of the nodular (18) or the superficial spreading (14) histological subtypes. (Owing to depletion of the samples of thin melanoma, one case was excluded in studies on Bcl-2 and nine cases in studies on the transcription factors.)
Bcl-2 Expression
As shown in Table 2 , Bcl-2 was extensively expressed in all compound and dysplastic nevi and in thin (r1.0 mm) melanoma. Expression was, however, less in thick melanoma (41.0 mm) (88%), subcutaneous metastases (62%) and lymph node metastases (35%). Bcl-2 expression was located in the cytoplasm of the cells. It was also identified in melanocytes and lymphocytes. (Expression in the Bcl-2 family protein in melanoma L Zhuang et al latter was used as a positive internal control.) Intensity of staining varied from negative to 4 þ . It was strongest in compound nevi, dysplastic nevi and primary melanoma r1 mm in thickness. Expression was much weaker in thick primary melanoma (41 mm) and metastases (Figure 1Aa -Ac).
The distribution of staining was diffuse in benign nevi and primary melanoma r1 mm in thickness and diffuse or focal in melanoma 41 mm in thickness and metastases. The differences shown in Figure 2a were significant using the one-way ANOVA two-tailed t-test (Po0.0001). Abbreviations: +ve, positive; %, percentage; N, nuclear; C, cytoplasm. Bcl-2 family protein in melanoma L Zhuang et al
Bcl-XL and Mcl-1 Expression
In contrast to Bcl-2 expression, Bcl-XL and Mcl-1 expression was less in benign pigmented lesions and thin melanoma compared to that in thick melanoma (41.0 mm) and metastases ( Figure 2a were significant using the one-way ANOVA two-tailed t-test (Po0.0001). Bcl-2, Bcl-XL and Mcl-1 expression in relation to histopathologic subtypes of melanoma is shown in Figure 2b . There was a higher mean immunoreactive score of Bcl-2 positive cells in superficial spreading melanoma (IRS ¼ 23.9) compared to that seen in nodular melanoma (IRS ¼ 15.4) (Student's t-test P ¼ 0.02) and desmoplastic melanoma (IRS ¼ 4.6) (Student's t-test and Tukey-Kramer P ¼ 0.001). In contrast, mean immunoreactive score of Bcl-XL positive cells in superficial spreading melanoma was lower (IRS ¼ 6.7) than that seen in nodular melanoma (IRS ¼ 16.2) (Student's t-test and TukeyKramer P ¼ 0.003). Similar trends were seen in expression of Mcl-1 and histopathologic subtypes (one way ANOVA P ¼ 0.24).
Expression of Transcription Factors
As shown in Table 2 and Figure 1 Da-Dc, pStat3 was not detected in benign nevi and melanoma r1 mm in thickness and was variably found in thick melanoma (41.0 mm) and in metastases. In contrast, AP-2a was strongly expressed in the nuclei of benign nevi and thin melanoma. Expression was much less in melanoma 41.0 mm thick, subcutaneous and lymph node metastases. AP-2a was detected in the cytoplasm of all melanoma but only infrequently in benign pigmented lesions (Figure  1Ea -Ec). MITF was strongly expressed in the nuclei of benign nevi and thin melanoma but was less in melanoma 41.0 mm in thickness, subcutaneous and lymph node metastases (Figure 1Fa-Fc) .
Relation of Bcl-2, Bcl-XL and Mcl-1 Expression to Known Prognostic Features in Primary Melanoma
As shown in Figure 3a and b, Bcl-2 expression was inversely associated with tumor thickness (P ¼ 0.0013) and dermal tumor mitotic rate (P ¼ 0.33). In contrast, Bcl-XL expression was increased with increased tumor thickness (P ¼ 0.016) and with increased dermal tumor mitotic rate (P ¼ 0.0024). Expression of Mcl-1 trended to increasing tumor thickness (P ¼ 0.0997) and with dermal tumor mitotic rate (P ¼ 0.17).
Relation of Bcl-2, Bcl-XL and Mcl-1 Expression to the Expression of the Transcription Factors
The graphs in Figure 4a -c showed that Bcl-2 expression was positively associated with AP-2a Bcl-2 family protein in melanoma L Zhuang et al was also negatively associated with AP-2a nuclear expression (Po0.0001) and was weakly associated with pStat3 expression (P ¼ 0.37).
DFS and OS in Relation to Bcl-2, Bcl-XL and Mcl-1 Expression
During follow-up of the patients with primary cutaneous melanoma (median follow up 43.5 months), 15 patients (36%) developed recurrent melanoma. Among those, five patients (11.9%) had locoregional recurrences, two patients (4.8%) had distant metastases and eight patients (19.0%) had both. Nine patients (21.4%) died with melanoma. No patients with melanoma r1 mm thickness had a recurrence or died. When patients were grouped above and below the median values for the percentage of melanoma cells positive or IRS for Bcl-2, Bcl-XL, Mcl-1 there was a significant relationship to DFS but not to OS. DFS was higher in the patients with 100% Bcl-2 expression (n ¼ 21) or IRS Z20 (n ¼ 21) compared to patients with Bcl-2 expression o100% or IRSo20 (n ¼ 19) (w 2 ¼ 5.75, (Figure 5b ). Similarly, DFS was less in the patients with %Mcl-1 above median (60%) (n ¼ 21) compared with that of patients with Mcl-1 below 60% (n ¼ 19) (w 2 ¼ 6.67, P ¼ 0.01) or with IRS above median (Z7) (n ¼ 20) compared to that in patients having IRS less than median (o7) (n ¼ 20) (w 2 ¼ 7.98, P ¼ 0.0047) (Figure 5c ). When analyzed in the Cox Proportional Hazards Model with age, sex, Breslow thickness, Clark level, ulceration, mitotic rate, histopathologic subtypes, predominant cell type, vascular invasion and neural invasion, it was found that expression of the antiapoptotic proteins were not independent variables but were dependent largely on tumor thickness.
Discussion
The results of this study are consistent in part with several immunohistochemic and Western blot studies carried out by others 26, 27, 29, 33 over the past decade and are contrary to the concept that Bcl-2 expression is associated with progression of melanoma. Instead, our results show that Bcl-2 expression was associated with a good prognosis, as reported by Divito et al 34 in studies on tissue microarrays. The importance of clarifying Bcl-2 expression in melanomas has been heightened by recent clinical studies that have attempted to reduce Bcl-2 levels by antisense approaches based on the (false) assumption that Bcl-2 levels are uniformly high in melanoma. 35 Our studies show that the majority of metastases in lymph nodes are completely negative for Bcl-2 expression and even when present it is at low levels. Similarly, expression in subcutaneous metastases is low, with most cells being negative for Bcl-2. The validity of these results Bcl-2 family protein in melanoma L Zhuang et al is borne out by staining of lymphocytes for Bcl-2 in the sections.
Reduction in Bcl-2 expression was evident in thick melanoma and in melanoma with high dermal mitotic rates, suggesting that it was related to events associated with disease progression. In view of this, we investigated the expression of certain transcription factors. One of these is the microphthalmia associated transcription factor (MITF) that is believed to be responsible for differentiation and survival of melanocytes 36 and a key factor in regulation of Bcl-2. MITF is regulated through Ckit and C-kit is downregulated in melanoma cells. 37 This may therefore play some role in the decreased levels of Bcl-2 via decreased activation of MITF. Regression analysis of the present data showed a correlation between low levels of MITF and Bcl-2 in melanoma.
Another transcription factor regulating Bcl-2 (and C-kit) is AP-2. 38 This was previously shown to be lost in progression of melanoma and loss of AP-2 was associated with short OS and DFS. 39 Reports by others have suggested that translocation of AP-2 from the cytoplasm to the nucleus is disrupted during melanoma progression and is a crucial event in the development of melanoma. 40 AP-2 may act to regulate not only Bcl-2 expression but also several other genes whose products are involved in tumor growth and metastasis of melanoma. AP-2 proteins were reported to bind with p53 to p53 target genes such as p21 and so act as a tumor suppressor. It is not clear why AP-2 nuclear expression is lost in melanoma but AP-2 appears essential for development of neural crest lineages. 38 In the present study, there was a strong correlation between low levels of AP-2 and Bcl-2 consistent with a direct relation between AP-2 and Bcl-2.
In contrast to Bcl-2, Mcl-1 and Bcl-XL expressions are consistent with a role in the progression of melanoma. Mcl-1 expression has received relatively little attention in melanoma but was reported to be overexpressed in a number of other cancers. [41] [42] [43] [44] Moreover, antisense knockdown of Mcl-1 sensitized melanoma xenografts to chemotherapy with dacarbazine. 45 The regulation of Mcl-1 protein expression in melanoma is poorly understood. Betulinic acid has been shown to upregulate Mcl-1 in melanoma cells by activation of Akt and MAP kinase pathways. 46 Activation of Stat3 by Src kinases in melanoma cells resulted in upregulation of both Mcl-1 and Bcl-XL 47 and Stat3 was regarded as a critical transcriptional activator of Mcl-1, Bcl-XL and survivin. 48 The present results are consistent with a role for activated Stat3 in upregulation of Bcl-XL and Mcl-1 although correlation with the latter was not statistically significant. Mcl-1 levels in melanoma were downregulated by the multi-kinase inhibitor BAY 43-9006 (Sorafenib) but this was apparently due to increased proteasome degradation 49 perhaps by the specific Mcl-1 ubiquitin ligase E3 (Mule). 50 Bcl-XL expression suggested that this protein was regulated differently to Bcl-2. The Bcl-X gene contains several tissue-specific transcription start sites and multiple consensus binding sites for both ubiquitous and tissue-specific transcription factors 51 and its regulation is therefore likely to be complex. It was shown to be a downstream target of Stat3 and Stat5. 48 A positive correlation was shown in the present study between pStat3 and Bcl-XL expression but it is highly likely that other transcription factors such as NF-kB are involved in regulation of Bcl-XL. 52 AP-2 expression was negatively associated with Bcl-XL and Mcl-1 expression but further studies are needed to confirm whether the associations shown are causally related.
In summary, this study has shown a dissociation between Bcl-2 compared to Bcl-XL and Mcl-1 expression during progression of melanoma. These changes were significantly associated in univariate analysis with decreased DFS but not in multivariate survival analysis. Changes in Bcl-2 were strongly associated with changes in the transcription factors AP-2a and MITF, suggesting that changes in these factors may be responsible for changes in Bcl-2. Similarly, increases in pStat3 were associated with increases in Bcl-XL and (to a lesser extent) Mcl-1 expression, consistent with a role for pStat3 in upregulation of these proteins. These results have importance in pointing to treatment targets in patients with metastatic melanoma.
